The specification does not disclose experiments that impart any specific 
function for the putative IL-1R AcM polypeptide encoded by the claimed 
nucleotide9s) [sic] in the context of the cell or organism. The 
specification does not teach the skilled artisan how to use the IL-lRAcM 
peptide for any unique or specific purpose. 

Paper No. 22 at page 3, second whole paragraph (underlining added). In response to 
Applicants' assertion that antibodies against IL-1R AcM polypeptide could be used as 
agonists or antagonists of IL-1, the Examiner responded, "it is not reasonable to expect 
those antibodies to impart a function to IL-1R AcM or to be used functionally, when it is not 
known what the Drecise function of IL-JR AcM actually is." Paper No. 22 at page 5, first 
paragraph (underlining added). Applicants previously argued that the asserted function of 
IL-1R AcM polypeptide is reasonable, in part, because of the exceptionally high degree of 
homology (85% identity, 94% similarity) to murine IL-1R AcM polypeptide. The Examiner 
responded, "However, specific activities (e.g., unigue to the proteins/nucleic acids) of IL-JR 
AcM and the other claimed embodiments are not disclosed." Paper No. 22 at page 5, first 
paragraph (underlining added). 

While the language of the Office Action focuses on alleged lack of specific function, 
in terms of the framework provided by the U.S.P.T.O. Utility Guidelines, it would appear 
that the Examiner is alleging that the claimed polynucleotides lack substantial, real world 
utility. This prima facie utility rejection is overcome when Applicants provide evidence 
that the claimed invention functions in a manner reasonably consistent with that asserted in 
the specification. However, based on the statements cited above, it appears that the 
Examiner may be applying an inappropriately high burden of proof. Under 35 U.S.C. § 101 
and the current U.S.P.T.O. Utility Guidelines, Applicants are not required to prove a utility 
which is precise or unique. All that is required is that a reasonable correlation exist between 
Applicants 1 asserted utility and the actual biological function of the claimed invention. See, 
Nelson v. Bowler, 626 F.2d 853, 857 (C.C.P.A. 1980). Uniqueness of function has never ' 
been a requirement to obtain a U.S. Patent. In order for a protein to have patentable utility, 
the function of that protein need not be identified to the degree that it can be distinguished 
from every other known protein. All that is required is that Applicants can demonstrate that 
the biological activity of the protein reasonably correlates with the utility asserted in the 
specification. 

Further, Applicants are not required to provide experimental proof of utility or 
efficacy as part of their specification. It is well understood that a utility which is asserted in 
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the specification can be supported by post-filing data. See, e.g., In re Brana 51 F.3d 1560, 
1567 at n!9 (Fed. Cir. 1995). To that end, in Applicants' previous response, data were 
presented from the publication by Jensen et al. (J. Immunol. 164:5277-5286 (2000)). That 
publication confirmed the identity of Applicants' IL-1R AcM as the human form of IL-1R 
AcM. See further analysis below. 
Identity as Human IL-1R AcM 

Applicants have previously argued, and still maintain, that the asserted function of 
IL- 1R AcM polypeptide is reasonable, in part, because of the exceptionally high degree of 
homology (85% identity, 94% similarity) to the murine soluble IL-1R AcM polypeptide 
described by Greenfeder et al. (J. Biol. Chem. 270:13757-13765 (1995)). Nevertheless, 
Applicants have also provided, as an attachment to Paper No. 21, a publication which ' 
confirms that Applicants' IL-1R AcM protein is in fact the human form of soluble IL-1R 
AcM. See Jensen et al. (J. Immunol. 164:5277-5286 (2000)). 

Jensen et al. analyzed human genomic DNA and identified the amino acid sequence 
of the soluble splice variant of IL-1R AcM (also called sIL-lRAP). Alignment of the amino 
acid sequence of SEQ ID NO:2 of the instant application with the amino acid sequence of 
Jensen's sIL-lRAP (see Genbank AAF71688, attached as Exhibit A) reveals only a single 
amino acid difference out of 356 amino acid residues (K74 of SEQ ID NO:2 is replaced by 
R74 in the Jensen sequence).. Jensen et al. confirmed that the membrane and soluble forms 
of human IL-1R AcM arise by alternative splicing. Jensen et al. further demonstrated that a 
membrane-anchored deriviative of soluble IL-1R AcM interacts with IL-1RI and alters 
signal transduction of the IL-1 receptor complex. "This establishes that extracellular 
interactions between IL-lRAcP and IL-1RI are sufficient to mediate the association of the 
two proteins, leading to measureable biological effect." Jensen et al. at page 5284, right 
column, first whole paragraph. Thus, not only has the identity of Applicants' IL-1R AcM 
been confirmed, but also its interaction with the major subunit of the IL-1 receptor and its 
role as the signal transducing subunit of the IL- 1 receptor. 
Confirmati on of Asserted Utilities 

Applicants described two asserted utilities in their previous response: the use of 
agonistic or antagonistic antibodies to alter responses to IL-1, and the diagnosis of IL-1 
related diseases by detecting altered levels of IL-1R AcM gene expression. Each of these 
asserted utilities is supported by post-filing publications. 



Appl. Serial No.: 08/917,710 



3 



Docket No. PF307 



The assertion that antibodies to IL-1R AcM can alter cellular responses to IL-1 is 
supported by published data in several ways. First, the specification asserts that IL-1R AcM 
is an integral component of the IL-1 receptor. See, e.g., page 20, lines 6-10; and page4, 
lines 7-22. This was confirmed by Jensen et al., who found evidence for interaction 
between the extracellular domains of human soluble IL-1R AcM and IL-1RI. Second the 
specification asserts that the presence of IL-1R AcM in the receptor complex increases the 
bmding affinity of the receptor for IL-1. See, e.g., page 19, line 30, through page 20, line 
10. This was confirmed by Smith et al., who measured effects of human soluble IL-1R 
AcM on the binding of IL-1 to IL-1 receptor. See Smith et al., Immunity 18, 87-96 (2003) 
attached as Exhibit B. Smith et al. found that a soluble fragment of the membrane form of 
human IL-1R AcM, which differs from the instant SEQ ID NO:2 by only seven out of 356 
amino acids, increased the binding affinity of a soluble form of IL-IRH for either IL-la or 
IL-1P by approximately two orders of magnitude. See Smith et al. at page 87, right column 
third paragraph. Third, the specification asserts that IL-1R AcM forms the signal 
transduction component of the IL-1 receptor. See, e.g., page 4, lines 16-22; page 5, lines 7- 
9; and page 33, lines 16-18. The experiments of Jensen et al. confirmed that soluble IL-1R 
AcM, which lacks the IRAK binding cytoplasmic domain of the membrane-bound form, 
renders IL-1R incapable of propagating IL-1 responses into the cell. 

Our observations that expression of a membrane-anchored form of sIL- 
lRAcP results in almost 100% inhibition of the NF-kB activation that can 
be induced by IL-1 at physiological concentrations and that this inhibition 
can be reversed/prevented by coexpression of IL-1RI suggest that IL-1RI is 
regulated at the membrane by sIL-lRAcP such that, although all of the IL- 
1RI molecules are capable of binding IL-1, only a limited number are 
actually able to mediate signal transduction. 

Jensen et al. at page 5284, right column, first paragraph. The support of these three 
teachings by published data lends credance to the assertion that antibodies to IL-1R AcM 
can serve as agonists or antagonists of JJL-1 and thus stimulate or inhibit IL-1 responses. 
Furthermore, as described in the specification at page 44, lines 15-22, Greenfeder et al (J 
Biol. Chem. 270:13757-13765 (1995)) have demonstrated that an antibody to murine IL-1R 
AcM can block the binding of IL-1 to IL-1R. 

Applicants have also asserted that detecting altered levels of expression of IL-1R 
AcM can be diagnostic for diseases related to IL-1 activity, in particular for inflammatory 
diseases such as rheumatoid arthritis. See, e.g., specification at page 12, lines 15-18; page 
13, lines 16-17;page 18, lines 13-21; page 44, lines 1-5; page 45, lines 3-6; and Example 4 
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at page 59, lines 5-21. Jensen et al. demonstrated that expression of human soluble IL-1R 
AcM increases in human liver in response to stress, while expression of the membrane form 
decreases. See Fig. 6 of Jensen et al. Further in support of the diagnostic utility of the 
present invention, Smith et al. observed that 22% of rheumatoid arthritis patients exhibit 
circulating levels of soluble IL-1R AcM greater than twice the median value. See Smith et 
al. at page 90, right column, first whole paragraph. 

In summary, Applicants have demonstrated that the IL-1R AcM of the instant claims 
has been recognized in the literature as human soluble IL-1R AcM, has been shown to 
associate with IL-1RI and alter the binding affinity of IL-1RH, and has been shown to serve 
as the signal transduction subunit of the IL-1 receptor when expressed as the membrane- 
bound splice variant. Published data further support the use of IL-1R AcM polynucleotides 
or antibodies for the diagnosis of rheumatoid arthritis. 

For the reasons discussed above, Applicants respectfully request the withdrawal of 

this rejection. 



Rejection of Claims 20-29, 38, 39, 49-58. and 60-71 TT n d er 35 TLS.r S 1 ir pw 
Paragraph - Enablement ' 2 

Claims 20-29, 38, 39, 49-58, and 60-73 are rejected under 35 U.S.C. § 112, first 
paragraph. The Office Action states that because the claimed invention allegedly is not 
supported by either a specific, substantial and credible asserted utility or a well-established 
utility, one skilled in the art would not know how to use the claimed invention. Applicants 
respectfully disagree and traverse the rejection. 

For the reasons discussed above in response to the rejection under 35 U.S.C. § 101, 
Applicants assert that the instant invention does fulfill the utility requirement of 35 U.S.C. § 
101. The Examiner "should not impose a 35 U.S.C. § 112, first paragraph, rejection 
grounded on a 'lack of utility' basis unless a 35 U.S.C. § 101 rejection is proper." M.P.E.P. 
§ 2107 (IV) at 2100-28. Therefore, because the claimed invention complies with the utility 
requirement of 35 U.S.C. § 101, the rejection based on the alleged lack of utility of the 
claimed invention should be withdrawn. 
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CONCLUSION 

Applicants believe that this application is now in condition for allowance. If there 
are any fees due in connection with the filing of this paper, please charge the fees to Deposit 
Account No. 08-3425. If a fee is required for an extension of time under 37 C.F.R. §1.136, 
such an extension is requested and the fee should also be charged to Deposit Account No. 
08-3425. 

Respectfully submitted, 



Dated: 2-3 



Lin J. Hymel (Reg. No. 45,414) 
Attorney for Applicants 

Human Genome Sciences, Inc. 

9410 Key West Avenue 
Rockville, MD 20850 
Telephone: (301) 251-6015 
Facsimile: (301) 309-8439 
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Summary 

Regulation of the activity of the proinflammatory cyto- 
kine IL-1 is complex, involving transcriptional and 
translational control, precursor processing, a receptor 
antagonist (IL-1ra), and a decoy receptor. Here we 
report that the soluble form of the IL-1 receptor acces- 
sory protein (AcP) increases the affinity of binding of 
human IL-1 a and IL-ip to the soluble human type II 
IL-1 receptor by approximately 100-fold, while leaving 
unaltered the low binding affinity of IL-1ra. Soluble 
AcP is present in normal human serum at an average 
concentration greater than 300 ng/ml. These findings 
suggest that the soluble form of IL-1 R AcP contributes 
to the antagonism of IL-1 action by the type II decoy 
receptor, adding another layer of complexity to the 
regulation of IL-1 action. 

Introduction 

The proinflammatory cytokine interleukin-1 (IL-1) is 
thought to play a role in many diseases, including arthri- 
tis, heart disease, pancreatitis, multiple myeloma, and 
stroke (see Dinarello, 1 998, for review). Inhibition of IL-1 
is beneficial in many murine models of disease. Two 
natural regulators of IL-1 activity exist that potentially 
can be used for this purpose in human therapy. One of 
these, IL-1 receptor antagonist or IL-1 ra (Hannum et al., 
1 990; Eisenberg et al., 1990), binds to the signaling IL-1 
receptor (type I IL-1 R) with high affinity but fails to elicit 
a biological response. By blocking the receptor, how- 
ever, it interferes with the activity of the agonist IL-1 
forms IL-1 a and IL-1 p. Treatment of rheumatoid arthritis 
patients with recombinant IL-1ra is of demonstrated 
clinical benefit (Dayer et al., 2001). The other natural 
regulator of IL-1 action is the type II IL-1 receptor 
(McMahan et a!., 1991; Coiotta et al., 1993). Although 
this protein binds tightly to IL-ip. it lacks a cytoplasmic 
domain and cannot signal; it therefore functions as a 
decoy receptor. The type II IL-1 R also binds IL-1 a, but 
with significantly lower affinity, it also binds poorly to 
IL-1 ra, with the result that the two regulators of IL-1 
activity complement rather than neutralize each other. 
The type ll'IL-1 R is initially synthesized as atransmem- 

*Correspondence: sims@amgen.com 



brane protein, but the extracellular, ligand binding do- 
main can be shed from the cell surface via proteolytic 
cleavage, and remains able to bind IL-ip (Giri et al., 
1994). Natural circulating levels of soluble type II IL-1R 
are approximately 1-5 ng/ml (Giri et al., 1 994; Jouvenne 
et al., 1 998). Because the soluble form of type II IL-1 R, 
like the surface form, binds IL-1ra poorly, inhibition of 
IL-1 is enhanced when both are present, in contrast to 
the interference that occurs when both soluble type I 
IL-1R and IL-1 ra are present (Burger et al. 1995). 

Following binding of IL-1 a or IL-ip to the type I 1L- 
1R, a second protein, the IL-1 receptor accessory pro- 
tein (AcP), is recruited to the complex (Greenfeder et 
al., 1995). Both proteins, IL-1R and AcP, are required 
for signaling. AcP can also be recruited to the transmem- 
brane form of the type II IL-1 R, once the latter has bound 
IL-1 fj (Lang et al., 1998; Malinowsky et al., 1998). Thus, 
the type II IL-1 R decoys not only IL-1, but also AcP, 
away from productive association with the type I IL-1 R, 
enhancing its effectiveness as a negative regulator. 

In addition to the transmembrane form of AcP, another 
form exists, encoded by an alternatively spliced mRNA 
(Greenfeder et at., 1995; Jensen et al., 2000). This form 
contains only the extracellular domain of AcP and is 
assumed to be secreted from cells and soluble in blood 
and extracellular fluids. It has been suggested that solu- 
ble AcP might be recruited to the IL-1/IL-1R complex, 
which would prevent association of the full-length, sig- 
nal-competent form of AcP. Soluble AcP would thereby 
function as yet another negative regulator of IL-1 activ- 
ity. This action of soluble AcP has been difficult to dem- 
onstrate, however (Jensen et al., 2000). 

In the course of investigating the IL-1 inhibitory ability 
of soluble human type II IL-1 receptor in vivo, we unex- 
pectedly found that soluble human AcP can associate 
with ligand-bound soluble IL1 R-ll. Association of slL1 fi- 
ll with AcP increases the affinity of binding to both hu- 
man IL-1 ot and human IL-1 p by approximately two orders 
of magnitude, which now renders human sIL1 R-ll an 
effective inhibitor of the former as well as the latter. In 
monkeys, efficient binding of IL-1 p by soluble type II IL- 
1R absolutely requires soluble AcP. Circulating levels 
of soluble AcP are remarkably high, averaging over 300 
ng/ml in humans and even higher in monkeys and mice. 
The mRNA encoding soluble AcP is expressed in almost 
alt tissues. 



Results 

Effect of slL1R In Vivo in Rhesus Monkeys 
Recombinant human soluble type II IL-1 receptor (shu- 
IL1 R-ll) was administered to rhesus monkeys, and either 
30 min or 2 hr later, the monkeys were injected with 
LPS from E. coli. Two hemodynamic parameters, mean 
arterial pressure and systemic vascular resistance, suf- 
fered precipitous drops over the course of 1-2 hr in 
animals injected with LPS in the presence of the control 



Immunity 
88 



Mean Arterial Pressure 



50000 




B. 



Systemic Vascular Resista 



nee 




Time (hours) 



treated with shuILt RN nrr«nt i x[n ' I" rhesus monkeys pre- 
animals , reated „ ith ^TrT anima ' S ' and of 

blunted the drop in mean , *££ n adm >™™™ 
baseline, compared to ?' PresSUre (t0 83% <* 

vascular resistance tat 2 £7,? ^ dr ° P ln svste ">ic 

remained - ^'SiSSM? SVR 

pared to 46% n f k« 7 eated ar »™a's, com- 

hemodynamic chan J« k 7 ° amel '°rated the 

71% o/bas^ STae?^ '? f eCtiVe 

~* in a no^^^ *2ffi 

Se attemL S H U ! L1R " Vitr ° ta M »"key «..,. 




— c-— hulL-10 (COS) 
hull-ip( piJre ) 



0,188 0.375 



°-75 1.5 3.0 
SJL-1R-II fog/ml) 

Figure 2. shuILlR-n Inhibits Growth 



60 12.0 24.0 



but Not Cynomolgus IL-13 



Arrest ofA375 Cells by Human 



or cynomolgus IL-1B lncreSn a »™ ^nsfected with human 

et al I9qn- nee i»»""ger ei ai., 1995- Totsuka 
ILltll toh. 7. Unpubllshed data). Binding of shu 

The lack of binding of shulLIR 11 »„ 
mesus IL-16s was confirm^ R ~" to <* n °™'gus and 
Phase binding assav rno^h '"^ a,ternat ™ solid- 
assay. TreSnt ofThi h ^ a " d 3 ******* 
with human ri ma " me,ario ma cell line A375 



Soluble IL-1R AcP Enhances Inhibition by IL1R-II 



Table 1 . Binding Measurements 
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Forward and reverse rate constants for binding of human and mon- 
key cytokines to human and monkey slLlR-ll, in the presence or 
absence of sAcP, were determined by Biacore as described in the 
Experimental Procedures, Affinity constants were calculated from 
the rate constants. 



(D,E.S., unpublished data). The two have identical amino 
acid sequences. The recombinant monkey soluble IL1 R- 
II bound to cynomolgus IL-1 0 with a K A of approximately 
3 x 10 6 M~ 1 (Table 1), comparable to the binding of 
cynomolgus IL-1 0 by human soluble IL1 R-ll. It also failed 
to inhibit the biological activity of cynomolgus IL-10 in 
the A375 assay (not shown). 

The Soluble Form of IL-1R AcP Enhances Binding of 
shulL1R-l| In Vitro to Human and Monkey IL-1s 
The cell-surface form of type II IL-1 receptor, in the 
presence of ligand, is capable of interacting with sur- 
face-bound IL-1 receptor accessory protein (Lang et al., 
1998; Malinowsky et al., 1998) and indeed the presence 
of AcP is required in order for high-affinity binding of 
IL-1 0 to be seen with the mouse type li IL-1 R (Malinow- 
sky et al., 1998). In addition, the existence of a naturally 
occurring, soluble version of AcP has been demon- 
strated (Greenfeder et al., 1995). We hypothesized that 
the difference between the considerable beneficial ef- 
fect of shulLI R-ll in vivo (Figure 1), and the very modest 
binding affinity in vitro (Table 1; Figure 2) might be due 
to the presence of circulating, soluble AcP. 

We asked whether soluble AcP affected the affinity 
of binding of IL-1 s by type II IL-1 receptors using surface 
plasmon resonance. The presence of AcP enhanced the 
binding of cynomolgus IL-1 0 to cynomolgus slL1 R-ll by 
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Figure 3. shulLI R-II Is a Better Inhibitor in the Presence of sAcP 

(A) COS7 cells transfected with an NFuB-luciferase reporter plasmid 
were incubated for 4 hr with varying concentrations of recombinant 
rhesus IL-10 in the presence of soluble receptors. Ceils were lysed 
and luciferase activity measured to determine NFkB activation. 

(B) A375 cells were cultured for 3 days with increasing amounts of 
purified recombinant IL-1 a alone, or with the addition of 25 p.g/ml 
of recombinant s!L1 R-ll, or with 25 jig/ml recombinant slL1 R-ll plus 
20 H-g/ml recombinant sAcP. Cell viability was measured by fluores- 
cence 6 hr after addition of Alamar Blue. 

36-fold, from K A = 3 x 10 6 M -1 to K A — 1,1 x 10 a M~ 1 
(Table 1). Moreover, although human slL1 R-ll is capable 
by itself of binding human IL-1 0 with good affinity (K A = 
1.4 x 10 9 M 1 ), its affinity was also enhanced by soluble 
AcP, by over 100-fold (to K A = 1.8 X 10" M~ 1 ) (Table 1). 
The enhancement in affinity was not restricted to IL-1 0; 
in the presence of soluble AcP, the affinity of shulLI R~ 
II for human IL-1 a increased from K A = 1.9 x 10 7 M~ 1 to 
K A - 2.3 x 1 0 9 M" 1 (Table 1 ). In both cases, the increased 
affinity in the presence of AcP was due primarily to a 
reduction in the dissociation rate constant. Consistent 
with their physiological roles, there was no change in 
the affinity of binding of shulLI R-ll to IL-1 ra in the pres- 
ence of AcP, leaving both available to inhibit the agonis- 
tic action of IL-1 (Table 1), 

The Soluble Form of IL-1 R AcP Enhances 
the Ability of shulLI R-ll to Inhibit Human 
and Monkey IL-1s In Vitro 

We wanted to confirm that the increased binding of 
IL-1 by type II IL-1 receptors, conferred by soluble AcP, 
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in monkeys, although the initial soluble AcP level was 
approximately 1 .1 ^g/ml (data not shown). Thus, circu- 
lating soluble AcP levels are even higher in monkey and 
mouse than they are in human, and in all three species, 
do not appear to change significantly during inflam- 
mation. 

Alternatively Spliced mRNA Encoding Soluble AcP 
It has been known for some time that the IL-1 receptor 
accessory protein gene is transcribed into two splice 
forms of mRNA (Greenfeder et al., 1995; Jensen et aL. 
2000). One of these encodes the signaling, transmem- 
brane form of AcP, while the other encodes the soluble 
form. The latter mRNA has been characterized only in 
liver cells, where it is regulated modestly (Jensen et al 
2000). 

To gain information about the source of circulating 
soluble AcP, we surveyed a wide variety of cell types 
by quantitative PCR for their expression of both mRNA 
isoforms. As can be seen in Figure 5, many tissues ex- 
press the mRNA isoform encoding soluble AcP. The 
highest levels in our survey were found in adult liver, 
skin, and placenta, and in certain fetal organs. Generally! 
soluble AcP mRNA was present at approximately 5% 
to 10% the level of mRNA encoding full-length AcP. 
Notable exceptions are the T84 intestinal cell line and 
activated HepG2 cells, in which there is a slight excess 
of mRNA encoding soluble AcP (data not shown). In 
general, the amount of mRNA encoding soluble AcP 
does not change much with cell stimulation (not shown). 
Among the settings in which soluble AcP does show 
regulation are in human peripheral blood mononuclear 
cells, in which there is a 1,5- to 4-fold increase upon 
stimulation with PMA/ionomycin, tetanus toxoid, or 
PHA, and in human peripheral blood B cells, which show 
a 1 0-fold decrease in mRNA when treated with a combi- 
nation of the Cowan strain of Staphylococcus aureus, 
CD40 ligand, and IL-4. We specifically examined the 
response of peripheral blood monocytes to anti-inflam- 
matory agents, including IL-4, IL-1 3, the combination of 
IL-4 and IL-13, and dexamethasone, since these treat- 
ments have been shown to induce expression of the 
type II IL-1 receptor on monocytes and neutrophils 
(Mantovani et al. 2001). Although each of these treat- 
ments strongly induced IL1 R-ll mRNA, none of them 
led to a significant change in the level of the mRNAs 
encoding either full-length or soluble AcP, at either 4, 
7, or 24 hr after stimulation (data not shown). 

For many proteins that have both transmembrane and 
soluble forms, the soluble form is generated by proteo- 
lytic cleavage of the membrane-bound precursor (shed- 
ding), rather than being encoded by a separate mRNA. 
We asked whether shedding might also contribute to 
the circulating pool of soluble AcP. We stained cells 
with antibodies against AcP and against a control pro- 
tein known to be shed, before and after treatment with 
a known shedding stimulus, and compared their profiles 
by FACS analysis. Figure 6 demonstrates that, as ex- 
pected, there was considerable shedding of type II IL-1 
receptor from HepG2 cells after treatment with PMA. 
There was no reduction, however, in the amount of sur- 
face AcP under the same conditions. Similarly, human 
neutrophils were induced by either PMA or LPS to shed 



0.9 
0.8 
0.7 
0.6 
0.5 
0,4 
0.3 
0.2 
0.1- 
0.0- 



Soluble AcP 






- llili- 


lll 


1 .. 



X 



Full-length AcP 



. .i,...nlllt Jlll.Lll .,1 



0.25 
0.20 
0.15' 
0.10 



Ratio 



JjIUuIu 



ml In 



L *|u;| 



Figure 5. Expression of mRNA Encoding Different Forms of AcP 
Taqman quantitative PCR was performed on a panel of RNAs from 
normal human tissue, using primers specific for the soluble (top 
panel) and full-length (middle panel) forms of AcP mRNA. Expression 
levels are plotted as the ratio of the threshold detection value (CT) 
of the AcP mRNA to that of a control gene (hypoxanthine-guanine 
phosphoribo$yl transferase). The bottom panel shows the ratio of 
soluble to full-length mRNA. 



L selectin (CD62L). Neither of these agents induced the 
shedding of AcP, Other cell lines and conditions examined 
in which we failed to see shedding of AcP using FACS 
include primary human monocytes, the human B cell line 
Namalwa, and the monkey CV-1/EBNA cell line (McMa- 
han et al., 1991) transfected with human type II IL-1 
receptor or human AcP, all treated with (or without) PMA. 

We explored further the possibility that some sA-cP 
might be generated proteolytically by use of the metailo- 
proteinase inhibitor TAPI (Mohler et al., 1994) with 
HepG2 cells. This inhibitor and others like it have been 
demonstrated to inhibit the shedding of a number of 
cell-surface molecules including pro-TNFa, IL-2Rot, and 
IL-1 R type II (Mullberg et al., 1 997; Orlando et al„ 1 997). 
Spontaneously produced soluble AcP accumulated in 
the supernatant of the cells to 9.2 ng/ml after 48 hr, and 
to 12.3 ng/ml after 72 hr. Addition of 50 u.M TAPI had 
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lated examples in which mRNA levels encoding soluble 
AcP are regulated by cell stimuli. However, we have not 
found evidence for the kind of dramatic and substantial 
changes in expression level seen with IL-1ra or type II 
IL-l receptor. We have also shown that shedding of the 
cell-surface form does not appear to be a major means 
of generating soluble AcP. 

When the soluble form of AcP was first discovered, 
it was attractive to hypothesize that this molecule could 
associate with ligand-bound cell-surface type I IL-1 re- 
ceptor, displacing full-length AcP and thereby contribut- 
ing to the control of IL-1 responses. Jensen et al. (2000), 
however, were unable to demonstrate such an associa- 
tion. Whether soluble AcP might associate with the li- 
gand-bound form of cell-surface type II IL-1 receptor to 
enhance the affinity of IL-1 binding is unknown. The 
ligand-bound form of cell-surface type II IL-1 receptor 
is able to bind and sequester full-length AcP in a nonpro- 
ductive complex (Lang et al., 1998; Malinowsky et a!., 
1 998). One might imagine that ligand-bound soluble type 
II IL-1R could also tie up full-length AcP. However, the 
data in Figure 2 suggest that this is not the case;' if it 
were, then slL1R-II should also be able to inhibit cyno- 
molgus IL-1p (Figure 2; Table 1). 

The findings reported here enhance our understand- 
ing of the complexity of IL-1 regulation. Whether the 
large amount of circulating soluble AcP contributes to 
the regulation of additional cytokines remains an open 
question. 



Experimental Procedures 
Protein Reagents 

Multiple forms of all proteins were used. The cloning of IL-1$ and 
type II IL-1 receptor from rhesus and cynomolgus monkeys is de- 
scribed elsewhere (Smith et al., 2002). Descriptions of the other 
proteins are as follows. 
Type II IL-1 Receptors 

Biacore measurements utilized Ig fusions (Baum et al., 1994) of 
human, rhesus, and cynomolgus soluble IL1 R-ll that were expressed 
by transient transfection of COS cells and purified by chromatogra- 
phy on protein A sepharose. The primate endotoxemia experiments, 
as well as biological assays with the A375 cell line, utilized untagged 
soluble human IL1R-II made by stable expression in CHO cells and 
purified by affinity chromatography using human IL-10 covalently 
attached to Affigel-1 0. Concentration was determined by amino acid 
analysis. Specific amino acid residues included in the soluble con- 
structs are as follows: human IL1R-II, residues 1-346 of Genbank 
NM - 004633; cynomolgus IL1R-II, residues 1-346 of Genbank 
AY1 72102; rhesus IL1R-II, residues 1-346 of Genbank AY172100. 
Cynomolgus and rhesus type It IL-1 receptors are identical 
IL-1 Ligands 

Human IL-1a, IL-1p\ and IL-lra used in Biacore experiments were 
generated at Amgen and purified by conventional means. Human 
ligands used in the A375 assays were purchased from R&D Systems 
(Minneapolis, MN). Cynomolgus IL-1ra cDNA was cloned following 
PCR amplification of mRNA derived from peripheral blood lympho- 
cytes (kindly provided by SNBL, Everett, WA) that had been cultured 
for 3.5 hr in LPS and human CD40 ligand (both at 1 jig/ml). PCR 
primers were designed from the 5' and 3' untranslated regions of 
human IL-1ra. The cynomolgus and human lL-1ra amino acid se- 
quences are 96% identical. The cloning of cynomolgus and rhesus 
IL-1 3 ligands is described elsewhere (Smith et al., 2002). PCR prim- 
ers were designed based on Genbank accession numbers D63353 
(cynomolgus; the sequence we subsequently derived differs from 
the Genbank version at one amino acid) and U19845 (rhesus). Full- 
length cynomolgus IL-1 ra. and the mature forms of cynomolgus and 
rhesus IL-10, were expressed by transient transfection and purified 



by affinity chromatography using recombinant human sIL1 R-l cova- 
lently attached to Affigel-1 0 resin. Concentrations were determined 
by amino acid analysis. 
Accessory Proteins 

Cynomolgus IL-1 receptor accessory protein cDNA was cloned from 
the same RNA source used to clone cynomolgus IL-1ra. Rhesus 
IL-1 receptor accessory protein cDNA was cloned following PCR 
amplification of mRNA derived from tonsil. PCR primers were de- 
signed from the 5' and 3* untranslated regions of human AcP. The 
protein sequences of cynomolgus and rhesus AcP proteins were 
identical to each other, and 99% identical to human AcP. Biacore 
measurements utilized. Ig fusions (Baum et al., 1994) of human and 
cynomolgus sAcP that were purified by chromatography on protein 
A sepharose. Soluble human sAcP tagged at its C terminus with a 
peptide containing the FLAG epitope followed by six histidine resi- 
dues (...RSGSSDYKDDDDKGSSHHHHHH*), expressed in COS cells 
and purified by immobilized metal affinity chromatography, was 
used in A375 assays. The human ELISA standard was untagged and 
was purified by conventional chromatography. COS cell expression 
supernatants were exposed in batch to Heparin Sepharose 6 Fast 
Flow (Pharmacia), previously equilibrated in 50 mM Tris-HCI, 7.5) 
at a resin:supernatant ratio of 1:12, overnight at 4°C. Under these 
conditions AcP does not bind to the Heparin resin. Unbound material 
was then batch exposed to a wheat germ agglutinin (WGA) resin 
(Vector), previously equilibrated in 50 mM Tris-HCI (pH 7.5) con- 
taining 50 mM N-acetylglucosamine (binding buffer), at a resin:su- 
pernatant ratio of 1 :25, overnight at 4°C. Following overnight binding 
the WGA resin was collected in a column, washed with 10 column 
volumes of binding buffer, and the sAcP eluted with a linear gradient 
of 50 mM-1.0 M N -acetyl glucosamine in 50 mM Tris-HCI (pH 7.5). 
Fractions containing sAcP were pooled and concentrated and then 
applied onto a Superdex 75 HiLoad 26/60 column (Pharmacia) pre- 
viously equilibrated with PBS at a flow rate of 2 ml/min. Soluble 
AcP behaved as a monomer, displaying a retention time consistent 
with a molecular weight of ~60 kDa. Fractions were analyzed by SOS 
PAGE. Pure fractions were pooled and concentration determined 
by amino acid analysis. To generate standards for the nonhuman 
EUSAs, soluble AcP proteins from cynomolgus and mouse were 
tagged at their C termini with a sequence encoding the FLAG epitope 
followed by six histidine residues (...RSGSSDYKDDDDKGSSHHHH 
HH') and purified by immobilized metal affinity chromatography. 
Specific AcP amino acid residues included in the various constructs 
are as follows: human AcP, residues 1-354 of Genbank AF029213; 
cynomolgus AcP, residues 1-359 of Genbank AY1 82233; mouse 
AcP, residues 1-359 of Genbank X85999. 

Endotoxemia in Monkeys 

Domestic bom, male rhesus monkeys, Macaca mulatto mean 
weight 4.5 ± 0.5 kg, from the Veterinary Resource Facility at the 
University of Maryland, Greenebaum Cancer Center, were used in 
these studies. Animals were anesthetized with ketamine (10 mg/kg, 
im) and immobilized in a well-padded, specifically designed restraint 
system to allow placement of arterial and venous catheters. Follow- 
ing line placement, the animals were allowed to awaken, and base- 
line hemodynamic measurements taken. Animals received an infu- 
sion over 1 0 min of E coli endotoxin (01 1 1 :84), 6 mg/kg bw, mixed 
in 20 ml of normal saline. At 30 min and every hour up to 5 hr 
after endotoxin, hemodynamic measurements were obtained on the 
restrained and resting but unanesthetized animals. Once measure- 
ments were completed, animals were anesthetized with ketamine, 
venous and arterial lines removed, and the animals returned to their 
cages under observation by technical staff until they were awake, 
alert, and responsive. Experimental animals received a subcutane- 
ous injection of soluble IL-1 receptor type II (slL1R-ll) at 200 jig/kg 
either 2 hr or 30 min prior to endotoxin. In addition, the animals 
were infused with slL-lRI! (200 ng/kg/hr, mixed in normal saline) 
via continuous iv drip starting 5 min prior to LPS infusion and contin- 
uing over the next 4 hr. Control animals were treated identically 
except that they received human serum albumin (Cappel, catalog 
#55912) instead of $IL1R-II. 

Cynomolgus Peripheral Blood Monocytes 

Cynomolgus primary cells were isolated from whole blood (kindly 

provided by Shin Nippon Biomedical Laboratories in Everett, Wash- 
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and ( 2) peroxidase-labeled anti-shulL-1R-„ monoclonal antibody 
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ELISA Samples 

sto^?™* T S l Sre ° bXained ,mm "* WoeSntatfPwtrw divi- 
wn oi Impath. Inc (Franklin, MA). Serum from normal cynomolgus 
monkeys was obtained from SNBL USA, Ltd. (Everett, WA). Se'm 
from rheumatoid arthritis patients was obtained at baseline from 

Srto ^K£ n,Unn ' USBd the proto001 <" 

Quantitative PGR 

PCRCt^lnw/ 3 , 8 5 T™" USin9 3 Ta '" nan 7700 ™»*» 
!n ri J « h ^ ( ^ P " ed Blos y stems . Foster City, CA) for 40 cycles 
under standard conditions. To detect full-length AcP, the following 
S?** 18 used: forward primer (GGGCAGGTTCTGGMGCA) at 
900 nM, reverse pnmer (GCTAGACCGCCTGGGACTTT) at 900 nM 
and FAM probe fTCACTGGCATGGCCACCTGCA^oo nM "o 
le 30 A 0 C n M ,O,Ward ^"1" ' G ^AAAAGGAGAGA^ 
TLrr^r.^?, " M ' reV8rSe P* 1 ™' (TCATTTAAGTTTGATTCAT 
Z%Z£ TGGGTTA > at 900 nM, and FAM probe (AGO TCCftOCACC 

Coo tofc^t 7, T T detem,in6d ^ P' otti "9 »• cT value vs 

^ 0 ^? Un 4 =° be 95% Bf,iCient < fU "- ,en S th A °P = "3-436 * 
0 096 soluble AcP - -3.433 ± 0.106). AcP levels were normalized 
o a control gene (HPRT) present in all cDNA sources Threshold 

r z e ™z:: °- 1 2 ,or r fam ^ < acp > ^see 

frnmT^ ^, RNAs Were e ^ er 9 ene ^ at Amgen or obtained 
from commercial sources (Ambion, Austin, TX; Clonteeh Labora- 
tory Paio Alto, CA; and Stratagene. La Jolla, CA ThefvTe 

£££7 DNas T e (Ambion #1906) ^ reverse 

TaqManReverseTranscrlptlonfleagentsp/NSOa-C^, Applied Bio- 
systems Foster City, CA) and random hexamers accoZg to the 
manufacturers instructions. Samples were run in triplicate 

Shedding Analysis 

huZ? " eutrop !! ils were separated from WriPheral blood of healthy 
M^Zh 71^°" 9radient ******** (G'BCO, Rockv He 
MD) and purrfiedby dextran sedimentation. Human hepatoma cells 
He P G2) were obtained from the American Type Culture Collection 
Manassas, VA). Both neutrophils and HepG2 cells wem £S 

eta^n^ 

fetal bov.ne serum at arc In the presence of 5% C02. Cells were 



tree «, ^ , 00 ng/ml PMA (sigmai ^ 

Difc °- «*n* Ml) for 40 min. After washing and 

InZdLs dL W r e . S,a '- 6d With 5 ^ mouse W monoclonal 

r» ? , If f a9a,nSt nUma " ^ f M355 ^ Am 9e"). type II IL-1 
Z MhT 2 '^r n),6rLSe,eC,in(CD62L - R&D ^^ P inneap- 
ol s, MN), or with control mouse lgG1 (MOPC-21 pro t 9 i n Pha7- 

Sl^ S Die9 >°' °1- ,hSn W " h ^ 9 oat an^te 
antiserum (Sigma), and analyzed by flow cytometry. For the TAPI 

m to cm dishes with or without SO „M TAPI (Amgen Corporation) 
Medium was collected at 48 and 72 hr and assayed by EUSA fo 
the presence of soluble human AcP. As a control, PMA (1 00 
v«s added to some cells 24 hr after seeding, with or witnout 5 oTm 

IZ „T S ana ' yZed by FACS to confl(m ** bedding of 

type II IL-1 R was completely Inhibited by TAPI (not shown). 
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